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This  report 'presents  structural  desi^  criteria  n^mmendations  for  theater  of 
operations  (T/0)  temporary  glued-laminated  timber  highway  bridges.  The  report 
consists  of  two  volumes:  Volume  I provides  the  design  criteria,  procedures,  and 
material  specifications,  and  Volume  If  contains  the  development  of  and  justification 
for  the  criteria  in  Volume  I. 


DD  1473  eomOMOP  tNOVSSlSOHOLCTE 


Acrvrvrrk 


FOREWORD 

This  study  was  conducted  for  the  Directorate  of  Facilities  Engineering,  Office  of 
the  Chief  of  Engineers  (OCE)  under  Project  4A763734DT34,  “Development  of  Engi- 
neer Support  to  the  Field  Army";  Task  04,  “Base  Development";  Work  Unit  002, 
“AFCS  Design  Parameters  for  T/O  Material  Applications." 

Mr.  R.  H.  Barnard  was  the  OCE  Technical  Monitor. 


The  research  was  conducted  by  the  Construction  Materials  Branch  (MSQ  of  the 
Materials  and  Science  Division  (MS),  U.S.  Army  Construction  Engineering  Research 
Laboratory  (CERL).  Dr.  L.  I.  Knab  was  Principal  Investigator  for  the  project.  Mr. 
P.  A.  Howdyshell  is  Chief  of  MSC  and  Dr.  G.  R.  Williamson  is  Chief  of  MS. 

Contractors  contributing  to  the  study  were  R.  C.  Moody  of  the  U.S.  Department  of 
Agriculture  Forest  Service,  Forest  Products  Laboratory,  Madison,  WI  and  W.  W. 
Sanders,  Jr.  and  H.  A.  Elleby  of  the  Iowa  State  University  Department  of  Civil  Engi- 
neering, Ames,  lA. 

COL  J.  E.  Hays  is  Commander  and  Director  of  CERL  and  Dr.  L.  R.  Shaffer  is 
Technical  Director. 


-V 


CONTENTS 


00  FORM  1473.. 

FOREWORO 

LIST  OF  TABLES 


1 INTROOUCTION 

Baokground 

Ob|«ctiv* 

Approach 

2 SUMMARY  OF  OESIQN  CRITERIA  OEVELOPMENT 


3 RECOMMENOEO  OESIQN  CRITERIA  FOR  AFCS  BRIDGES 

Seopa 

Saf^,  Savinga,  and  Coat  Effaetivanaaa 

Implamantatlon 

Fat>rleatlon,  Aaaambly,  Eractlon,  and  Handling 

Sanrlcaablllty 

Praaanrativa  Traatmanta 

Loada,  Momanta,  and  Foreaa 
Flaxural  Mambara  and  Flaxural  SpUoaa—Daalgnlng 
for  Banding  or  Lataral  Buckling  In  Strfngara 
Shaar  In  Stringara,  Baaring  Foroaa  at  Strfngar  Enda, 
and  Foroaa  In  Stringar  End  Connaetlon  Faatanlnga 
Columns,  Compraaalon  aiKf  Tanalon  Mambara,  and  Thair 
Assoelatad  Faatanlnga  and  Connactlona 
Impact 

Alloarabla  Strassaa— Mambara 

Critarla  for  Faatanlnga  and  Joints,  and  Othar  Critarla  Not 
Covarad  Harain 

Critarla  for  Btfdgaa  Having  UnuauaHy  High  Conaaquancaa 
of  Fallura 

Modulus  of  Elasticity 

4 OESIQN  EXAMPLE 

Design  of  Qhiad-Lamlnatad  Timbar  Strfngar  Brfdga 

5 CONCLUSIONS  AND  RECOMMENDATIONS 

Condualons  ' 

Racommandatlona 


TABLES 

Number  Page 

1 Recommended  Equations  and  Current  TM  5-312  Equations 

for  Determining  the  Effective  Number  of  Stringers  10 

2 Values  of  Reduction  Factor  c*  Used  in  Recommended  Formulas  (Table  I) 

for  Determining  the  Effective  Number  of  Stringers  10 

3 Value  of  Effective  Live  Load  Shear  Force  per  Stringer,  1 1 

4 Recommended  Modification  Factor  M 12 


RECOMMENDED  DESIGN  CRITERIA 
FOR  QLUED-LAMINATED  TIMBER 
HIGHWAY  BRIDGES  IN  THEATERS 
OF  OPERATION 


1 INTRODUCTION 
Background 

Engineer  troop  units  in  the  theater  of  operations 
(T/O)  are  assigned  diverse  construction  minions 
which  often  have  critical  completion  date  require- 
ments. Many  of  these  missions  involve  erection  of 
assembly  of  standard  prefabricated  components 
such  as  those  available  for  buildings  and  tactical 
bridges,  while  others  require  construction  using  con- 
ventional materials  and  components. 

The  Army  Facilities  Components  System  (AFCS) 
contains  standard  designs  for  many  s.Tuctures  that 
T/O  troop  units  may  be  required  to  construct.  The 
AFCS  publication  TM  S-302, ' and  its  related  logisti- 
cal references  TM  5-301*  and  TM  5-303,’  contain 
many  standard  structural  designs  using  both  stand- 
ard and  prefabricated  components,  along  with  bills 
of  materials  and  construction  practice  guidance. 
These  manuals  greatly  reduce  the  planning  and 
design  effort  required  to  complete  a construction 
assignment. 


However,  design  criteria  for  military  bridges  using 
glued-laminated  timber  are  currently  unavailable. 
Since  the  design  life  of  T/O  structures  is  typically 
from  2 to  5 years,  use  of  civilian  structural  design 
codes,  which  are  generally  based  on  a 50-  to  75-year 
design  life  and  relatively  high  levels  of  reliability,  can 
result  in  unnecessarily  conservative  and  uneconomi- 
cal designs  for  the  limited  performance  needs  of  T/O 
structures. 

Objective 

The  objective  of  this  study  is  to  develop  design 
criteria  recommendations  for  glued-laminated  tim- 
ber members  in  T/O  highway  bridges  subjected  to 
dead  plus  static  live  loads.  The  types  of  glued-lami- 
nated timber  to  be  considered  are  those  specified  by 
American  Institute  of  Timber  Construction  (AITC) 

'Army  FacUitin  Components  System  (AFCS) — Design, 
TM  5-.W2  (Depanmem  of  the  Army.  1973). 

‘Army  Facilities  Components  System  (AFCS)— Planning. 
TM  5-.10I  (Depanment  of  the  Army.  1973). 

‘Army  Facilities  Components  System  (AFCS)  Logistic  Data  and 
Bills  pi'  Materials.  TM  5-303  (D^aitment  of  the  Army,  1973). 


Specification  117-74’  and  Product  Standard  (PS)  i 

56-73,’  which  cover  glued-laminated  timber  fabri-  j j 

cated  from  Douglas  fir.  Western  larch.  Southern  | | 

pine,  and  California  redwood.  ’ 

Approach  i j 

Appropriate  reliability  models  were  developed  to 
analyze  and  evaluate  the  safety  levels  and  consist- 
ency of  existing  permanent  structural  design  criteria 
for  glued-laminated  timber  bridge  members.  The 
models  were  then  used  to  develop  recommended 
T/O  bridge  design  criteria  for  glued-laminated 
timber  members  for  the  dead  plus  live  static  load 
case. 

Chapter  2 summarizes  the  development  of  the 
design  criteria  (the  development  and  justifications 
for  the  criteria  are  detailed  in  Appendices  A through 
E of  Volume  II).  Chapter  3 presents  the  recom- 
mended design  criteria,  and  Chapter  4 provides  a 
design  example.  Chapter  5 presents  the  conclusions 
and  recommendations. 


A SUMMARY  OF  DESIGN 

Z CRITERIA  DEVELOPMENT  \ 


This  report  presents  a rational  basis  for  develop- 
ing consistent  design  criteria  for  short-life  struc- 
tures. "Consistent”  means  that  the  probability  or 
chance  of  reaching  a limit  state  (limit  state  proba- 
bility) of  a structural  member  is  compatible  with  the 
other  limit  state  probabilities  of  that  member  or 
other  members. 


Member-resistance  and  structural  loading  data 
were  combined  to  determine  existing  and  recom- 
mended limit  state  probabilities  and  their  corre- 
sponding safety  index  values.  First  order  reliability 
theory  and  best  estimates  of  central  tendency  (aver- 
age values)  coupled  with  measures  of  (Imitersiori 
(coefficients  of  variation)  of  the  resistance  and  load 
were  used  to  compute  the  safety  index  values.  These 
safety  index  values  were  computed  for  pcrmancnl 
and  temporary  structural  elements  and  used  as 
guides  in  determining  recommended  allowable 
stresses  for  the  static  failure  mode.  Recommended 
criteria  for  temporary  bridges  were  determined  (o 


'.Standard  Specifieatitms  Jiir  Slntelarml  tilnnl  l.nmnmlnl 
Timber  ttf  Douglas  Fir.  Western  Larrb.  .Stmthrm  Pine.  nmIfM 
fomia  Redwood.  AITf  1 1 7-74  (American  ImOlulc  iii  T imhrr 
Construction  |AITC|,  1974). 

'Voluntary  Product  Standard  PS  S6-7.1  for  Structural  fihted 
Laminated  Timber  (AITC,  1973). 
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yield  safety  index  values  which  will  provide  adequate 
safety  relative  to  the  safety  levels  and  performance  of 
permanent  bridges,  while  reflecting  the  bridges’ 
temporary  nature. 

It  was  assumed  in  the  criteria  development  that 
adequate  fabrication,  assembly,  and  erection  proce- 
dures are  used.  Special  provisions  and  criteria  are 
recommended  when  lower  quality  fabrication, 
assembly,  and  erection  practices  are  likely  to  occur. 

Stringer  weight  savings  of  about  IS  percent  result 
from  using  the  recommended  T/O  bridge  design 
criteria  rather  than  using  the  permanent  bridge 
allowable  stresses  with  the  design  procedures  in 
Chapter  3. 
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RECOMMENDED  DESIGN  CRITERIA 
FOR  AFCS  BRIDGES 


Scope 

The  following  criteria  are  recommended  for  use  in 
designing  temporary  T/O  bridges  using  glued-lami- 
nated  timber.  Temporary  bridges  have  design  lives 
of  2 to  5 years  (bridges  whose  failure  would  have  un- 
usually severe  consequences  are  not  considered 
temporary,  even  though  their  design  lives  may  be  2 
to  5 years).  The  maximum  deviation  from  these 
criteria  shall  not  exceed  2 percent  (on  the  uncon- 
senative  side)  of  the  indicate  design  requirements. 

The  following  criteria  are  based  on  AITC  117-74, 
PS  56-73,  and  the  1973  National  Design  Specifica- 
tion (NDS)  for  Stress  Grade  Lumber  and  Its  Fasten- 
ings, * except  as  modified  herein.  The  criteria  apply 
to  highway  bridges  only;  they  do  not  apply  to  rail- 
road bridges. 

Safety,  Savings,  and  Cost  Effactlvanass 

h 

In  the  past,  increased  allowable  stresses  for  static 
loading  have  been  permitted  for  temporary  steel 
stringer  bridges.^  The  safety  levels  corresponding  to 
the  allowable  stresses  and/or  design  procures  for 
temporary  glued -laminated  stringer  bridges  were 
evaluated  and  used  to  determine  acceptable  design 
criteria  and  procedures  which  reflect  the  temporary 


*Nationai  Design  Specification  for  Stress  Grade  Lumber  md  Its 
Fastenings  (Natkmat  Forest  Products  Association,  1973). 

’MUitary  Fixed  Bridges,  TM  5-312  (Department  of  the  Army, 
December  1968),  with  changes  1 and  2. 


nature  of  T/O  bridges.  The  safety  levels  correspond- 
ing to  the  recommended  criteria  for  T/O  bridges 
loaded  with  their  normal  or  maximum  loads  are 
comparable  to  or  exceed  those  corresponding  to 
permanent  civilian  bridges  loaded  with  their  maxi- 
mum loads.  However,  the  safety  levels  corresponding 
to  the  recommended  criteria  for  T/O  bridges  loaded 
with  their  normal  or  maximum  loads  are  below  those 
corresponding  to  permanent  bridges  loaded  with 
their  normal  loads.  In  summary,  the  recommended 
criteria  should  result  in  acceptably  safe  temporary 
bridges  compared  with  current  permanent  civilian 
bridges  loaded  with  their  maximum  loads. 

This  discussion  of  safety  is  based  on  the  assump- 
tion of  adequate  fabrication,  assembly,  and  erection 
practices;  Ae  safety  of  a brioge  can  be  reduced 
significantly  by  low  quality  fabrication,  assembly, 
and  erection  practices  (see  the  Fabricatfon,  Aswm- 
bly,  Erecthm,  and  Handling  section  of  this  chapter). 

Material  weight  of  glued-laminated  timber 
stringers  in  T/O  bridges  designed  using  the  recom- 
mended criteria  will  typically  be  about  IS  percent 
less  than  when  designed  using  permanent  bridge 
allowable  stresses  with  the  procedures  recommended 
in  this  chapter. 

Use  of  the  recommended  criteria  rather  than  the 
permanent  criteria  to  prevent  static  failure  will  be 
cost  effective  if  the  material,  transportation,  labor, 
and  storage  cost  savings  exceed  the  cost  of  imple- 
menting the  criteria  (see  the  ImplancBtatioa  section 
of  this  chapter). 

Use  of  the  recommended  criteria  appears  reason- 
able, provided  that  the  temporary  steel  and  timber 
bridges  used  in  the  past  have  been  acceptably  safe 
and  have  performed  satisfactorily.  The  decision  to 
use  the  recommended  criteria  is  to  be  made  by  the 
AFCS  Office  at  the  Office  of  the  Chief  of  Engineers 
(DAEN-FEE-A). 

ImpiMMntatlon 

The  recommended  criteria  are  based  on  modifica- 
tions to  existing  (AITC  1 17-74  and  1973  NDS)  allow- 
able stresses  for  permanent  structures.  The  recom- 
mended criteria  require  use  of  the  military  design 
loads  and  ptxKedures  (as  opposed  to  allowable 
stresses)  ghrm  in  TM  S-312  a^  modified  herein. 
Hence,  the  recommended  criteria  are  intended  for 
use  by  bridge  design  ofHoes,  and  not  by  combat  engi- 
neers in  the  field.  The  criteria  “package”  required 
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by  a bridge  design  office  would  consist  of  these  cri- 
teria (Chapter  3),  which  in  turn  require  the  use  of 
modified  TM  S-312  design  loads  and  procedures  and 
the  modified  AITC  117-74  and  1973  NDS  allowable 
stresses. 

Fabrication,  Aaaambly,  Eractlon, 
and  Handling 

The  recommended  criteria  are  based  on  the 
assumption  that  fabrication,  assembly,  and  erection 
quality  and  tolerances  are  comparable  to  those  used 
in  U.S.  permanent  construction.  The  recommended 
allowable  stresses  shall  be  reducefl  accordingly  for 
low  quality  fabrication,  assembly,  or  erection.  Fabri- 
cation, assembly,  and  erection  shall  be  in  accord- 
ance with  AITC  117-74  and  the  AITC  Timber  Con- 
struction Manual, ' Necessary  precautions,  including 
provision  of  adequate  support  and  bracing  to  protect 
against  buckling  and  other  erection  problems,  shall 
be  taken  during  erection. 

Handling  precautions  shall  be  taken,  especially 
for  laminations  which  will  be  subjected  to  tension* 
during  service.  Notching  the  bottom  of  stringer  ends 
(e.g.,  to  lower  the  elevation  of  the  roadway)  shall  not 
be  permitted. 

Serviceability 

Because  the  criteria  recommendations  are  based 
on  limit  state  strength  only,  serviceability  require- 
ments, including  deflection,  are  not  covered  by  the 
criteria;  they  shall  be  imposed  as  judged  necessary. 

Praaarvativa  Traatmants 

In  warm,  moist  areas,  preservative  treatment  may 
be  necessary  to  insure  a S-year  life  for  members  in 
ground  contact,  e.g.,  abutments,  pilings,  etc.  If  pre- 
servative treatment  is  not  feasible,  consideration 
should  be  given  to  specifying  all  heartwood  decay- 
resistant  species.** 

Loada,  Momanta,  and  Forcaat 

The  recommended  criteria  apply  to  the  dead  plus 
live  load  case  (vehicle  plus  payload  weight).  Other 

Timber  Construction  Manual.  2nd  ed.  (AITC.  1974). 

Typically,  the  bottom  laminations  in  stringets. 

••For  more  information  see  "Decay  Resistance,”  Wood  Hand- 
book: Wood  as  an  Engineering  Material  Forest  Serrice  Agricul- 
tural Handbook  No.  72  (E)epartment  of  Agriculture,  Forest 
Products  Laboratory,  1974). 

tin  certain  cases,  unrealistically  low  loads,  moments,  and 
forces  can  result  if  the  current  procedures  in  TM  S-312  ate  used. 


loads,  including  wind,  water,  ice,  and  earthquake, 
are  not  covered. 

The  procedures  given  in  TM  5-312  for  determin- 
ing the  design  loads  and  the  moments  and  forces 
used  in  the  design  of  bridge  members  and  fastenings 
shall  be  used,  except  modified  herein. 

The  two  load  cases  used  in  the  design  process — the 
normal  vehicle  crossing  load  case  and  the  caution 
crossing  load  case — are  described  in  Table  4-3  of 
TM  S-312.  Normal  crossings  are  convoy(s)  consisting 
of  vehicles  not  exceeding  the  posted  bridge  class.  A 
caution  crossing  consists  of  a single  line  of  vehicles 
crossing  a one-  or  two-lane  bridge  on  the  bridge 
centerline.  Each  vehicle  is  spaced  at  ISO  ft*  or  more 
and  shall  not  be  more  than  1.25  times  the  normal 
posted  bridge  class.  Additional  details  are  given  in 
Section  IV,  Chapter  4,  of  TM  S-312  and  Paragraph 
2-54  of  FM  5-36.* 

The  current  procedure  in  TM  S-312  proportions 
all  members,  fastenings,  and  connections  on  the 
basis  of  the  normal  class  loading.  The  Mlowing 
recommended  procedure,  however,  requires  that 
they  be  proportioned  on  the  basis  of  either  the 
normal  or  caution  load  cases,  as  specified. 

Flexural  Members  and  Flexural  Splices — Des^ning 
for  Bending  or  Lateral  Buckling  in  Stringers 

The  live  load  moments  corresponding  to  normal 
class  crossings  found  in  Appendix  D of  TM  S-312 
shall  be  used  to  proportion  the  flexural  members  or 
flexural  splices  for  bending  and  lateral  buckling. 

The  current  procedure  for  stringer  design  given  in 
Paragraph  6-5  of  TM  S-312  shall  be  used,  except 
that  the  recommended  formulas  in  Table  1 shall  be 
used  to  determine  the  effective  number  of  stringers. 

Shear  in  Stringers.  Bearing  Forces  at  Stringer  Ends, 
and  Forces  in  Stringer  End  Connection  Fastenings 

Tlie  live  load  shear  force  in  stringers,  bearing 
forces  at  ends  of  stringers,  and  forces  in  stringer  end 
connection  fastenings  shall  be  determined  by  using 
the  larger  force  resulting  from  the  normal  or  caution 


•SI  convenion  facton  for  all  units  of  measurement  used  in  this 
report  are  given  at  the  end  of  the  report. 

*Route  Reconnaissanee  and  Classgkatkm.  FM  S-36  (Depart- 
ment of  the  Army,  May  1965). 
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s 

•Single  lane;  N,  “ +1 

(Eq6.7a) 

5 

Single  lane:  N,  “ cL-  + 1] 

t,  ^ 

.1 

1 wt>  lanes:  N,  “ or  N|  ” N, 

O 

(Eq  6-7b) 

3 

Two  lanes:  N|-c|  N,|orN,  “N, 

fl 

whiehever  is  smaller 

whichever  is  smaller 

where  N,  “ effective  number  of  stringers  for  single-lane  bridges 
S,  > center-to-center  stringer  spacing  in  feet 
Nj  • number  of  stringeis 

N]  ~ effective  number  of  stringers  for  two-lane  bridges 
c ” reduction  factor  given  in  Table  2 

Tabte3 

ValM*  aflUdwtiM  Factor  C*  UMd  la  RmmummM  FMwaiM 
(Tabic  I ) for  Dctonatotoc  A*  Effeettrc  Naariwt  aftetoftn 


Rado  of  BrMga  Floor  Width 
(otrt-to-owl)  to  Bildp  Span 

UmA(W/L) 

Bridga  Deck  Type 

W/L<1.0 

W/l>1.0 

Glued-laminated  timber  or  concrete 
Nailed-laminated  timber,  plank,  or 

1.0 

0.75 

multiple-layered 

0.90 

0.70 

*The  factor  c accounts  for  the  reduction  in  lateral  load  distribu- 
tion when  using  nailed-laminated  timber,  plank,  or  multiple- 
layered decks  and/or  bridges  which  are  very  wide  compared  to 
their  span  length. 

crossing  load  cases.  The  shear  for  single-lane  bridges 
is  bas^  on  the  caution  load  case;  for  two-lane 
bridges  it  is  based  on  either  the  normal  load  case  or, 
if  larger,  the  caution  load  case.  The  following  proce- 
dure (revised  Paragraph  6-6,  TM  5-312)  shall  be 
used  to  determine  the  shear  force  in  stringers,  the 
bearing  forces  at  stringer  ends,  and  the  forces  in 
stringer  end  connection  fastenings. 

6-6.*  Shear  Check  (Shear  Design) 

c.  Glued-Laminated  Timber  Stringer  Bridges 

Comjiared  to  steel  stringers,  glued-laminated 
timber  stringers  arc  relatively  lower  in  horizontal 
shear  strength.  Thus,  shear  can  be  critical  in  glued- 
laminated  timber  stringers,  and  the  horizontal  shear 
stress  often  controls  the  allowable  design  load,  par- 
ticularly for  short  spans. 

'Paragraph  6-6b  shall  be  retitled  Solid-Sawn  Timbtr  Stringer 
Bridget. 


(1)  Dead  Load  Shear.  The  dead  load  shear  per 
stringer  is  determined  as  for  a steel  stringer  bridge 
using 

Vdl 

’’DL  “ “S — (Equation  6-12) 

”s 

(2)  Live  Load  Shear. 

(a)  Effective  shear  per  stringer,  vj  i . for 
glued-laminated  timber  stringers.  The  effective  live 
load  shear  per  stringer,  v^l.  must  account  for  the 
shear  per  stringer  due  to  loads  near  the  support  as 
well  as  loads  out  on  the  span.  It  can  be  assumed  that 
the  wheel  or  track  loads  which  are  at  or  near  a sup- 
port will  go  directly  into  the  stringer  (with  the  deck 
assumed  to  act  as  a series  of  simple  beams)  and  the 
loads  which  are  out  on  the  span  will  be  distributed 
laterally  in  a manner  similar  to  moment.  The  effec- 
tive live  load  shear  per  stringer  vf  t.  in  kips  shall  be 
determined  from  Table  3. 

(b)  Design  live  load  shear  per  stringer,  vi  j , 
for  glued-laminated  timber  stringers.  Tests  with 
timber  beams  indicate  that  the  shear  failure  will 
occur  when  a concentrated  load  is  at  some  constant 
distance  from  the  support,  rather  than  when  the  load 
is  just  off  the  support,  the  location  that  produces 
maximum  shear.  Tliis  is  caused  by  the  concentrated 
load  tending  to  compress  the  fiben,  thus  increasing 
the  horizontal  shear  strength.  When  the  load  is 
moved  off  the  support  a dbtance  of  about  the  depth 
of  the  stringer,  the  optimum  condition  for  shw 
failure  exists.  Thus,  the  value  of  the  effective  live 
load  shear  per  stringer,  vjj^,  should  be  reduced 
accordingly.  The  design  live  load  shear  per  stringer, 
VLL,  in  kips,  is; 


( 


i 

\ 
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Wheeled 

vehicle 


Tracked 

vehicle 


1^  ~ wheeled  vehicle  shear  in  kips  as  given  in  Appendices  D-4  and  D-7^  of  TM  S-312 
” tracked  vehicle  shear  in  kips  as  given  in  Appendices  D-5and  D-7^  of  TM  5-312 
the  heaviest  axle  load  in  kips  as  given  in  column  3^  of  Appendix  D-1  of  TM  S-312 
Sj  - stringer  spacing  in  ft 

Ni  ~ effective  number  of  stringers  for  single  lane  given  in  Table  t 
Nj  - effective  number  of  stringers  for  double  lane  given  in  Table  I. 


where:  V, 


•The  coefficient  of  1 .25  is  used  to  adjust  shear  from  normal  crossing  case  to  caution  crossing  case. 

••For  the  double-lane  case,  vj,  shall  be  computed  for  both  single  and  double  lanes  and  the  larger  value  of  Vjj_  shall  be  used 
'('Entries  in  Appendix  D-7  aM column  3 of  Appendix  D-1  are  given  in  tons  and  must  be  converted  to  kips. 


Columns,  Compression  and  Tension  Members, 
and  Their  Associated  Fastenings  and  Connections 


■)vf  T .»  but  not  less  than  0.75  vt  t 


(Revised  Equation  6-17) 


The  forces  in  compression  or  tension  members 
and  their  associated  fastenings  and  connections  jhall 
be  the  larger  of  the  forces  produced  by  the  normal  or 
caution  crossing  load  cases. 


where  vll  “ design  live  load  shear  per  stringer  in 
kips 

L » bridge  span  in  ft 
d « depth  of  stringer  in  ft 
VI  f ” effective  live  load  shear  per  stringer 
from  Table  3. 


Impact 


The  procedure  to  account  for  impact  (no  increase) 
given  in  TM  S-312  shall  be  followed. 


(3)  Total  Shear  Per  Stringer.  .The  total  design 
shear,  v,  for  a glued-laminated  timber  stringer  is: 


The  allowable  stress  for  members  in  temporary 
T/0  bridges  shall  be  found  from 


v-vdl  + vll 

where  v ” total  design  shear  per  stringer  in  kips 
- dead  load  shear  per  stringer  in  kips 
vf  I “ design  live  load  shear  per  stringer  in 
kips. 


where  f ” allowable  stress  for  members  in  tempo- 
rary bridges 

M ” modification  factor  found  in  Table  A 
F “ AITC  117-74  allowable  stresses  for 
members  for  the  dead  plus  live  load  case 
for  10  years  of  continuous  or  cumulative 


The  rest  of  the  shear  design  procedure  shall  be  the 
same  as  that  given  in  subparagraphs  (4)  and  (5)  of 
Paragraph  6-6b,  Timber  Stringer  Bridges  of 
TM  5-312. 
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Tabk4 

RMoaMMadad  ModHV-»Hoa  FaetarM 


Waalatnnrr* 

VnlMafM 

Bending 

1.35 

Shear 

1.15 

Compression  parallel  to  grain" 

1.15 

Compression  perpendicular  to  grain 

1.15 

Column  buckling 

1.00 

Tension  parallel  to  grain 

0.80 

'Appropriate  member  moments  and  forces  shall  be  determined 
as  specified  in  the  taaJii  Maawola,  and  Fatcat  section. 
"Applies  to  fully  braced  columns  only,  i.e.,  when  buckling  can- 
not occur. 

loading;  F shall  include  all  NDS  modifi- 
cations of  stresses  (except  load  duration) 
including  moisture  content,  size  effect 
(for  bending),  lateral  stability  (for  bend- 
ing), buckling  (compression  members), 
and  bearing. 

Depending  on  the  application,  bridge  stringers 
treated  with  an  oil-base  preservative  and  having  a 
waterproof  deck  may  be  designed  with  dry-use 
stresses  for  bending  and  shear.  However,  wet-use 
stresses  shall  always  be  used  for  compression  per- 
pendicular to  grain. 

Criteria  for  Fastenings  and  Joints, 
and  Other  Criteria  Not  Covered  Herein 

Criteria  for  fastenings  and  joints,  and  other  cri- 
teria not  covered  herein,  shall  be  as  specified  by  NDS 
for  permanent  bridges;  a load  duration  of  10  years  of 
continuous  or  cumulative  loading  shall  be  used. 

Criteria  for  Bridges  Having  Unusually 
High  Consequences  of  Failure 

For  bridges  whose  failure  would  have  unusually 
severe  consequences,  the  AITC  117-74  allowable 
stresses  for  10  years  of  continuous  or  cumulative 


loading  (i.e.,  for  permanent  bridges)  thail  be  used 
for  members,  except  that  70  percent  of  the  AITC 
117-74  allowable  stress  for  tension*  shall  be  used. 
Criteria  for  fastenings  and  joints  and  all  other 
criteria  (except  allowable  stresses  for  members)  shall 
be  as  specified  by  NDS  for  permanent  bridges;  a 
load  duration  of  10  years  of  continuous  or  cumula- 
tive loading  shall  used.  Recommendations  given 
in  the  Loads,  MomcBts,  and  Farces  section  of  this 
chapter  shall  be  used.** 

Modulus  of  Elastlcityt 

Modulus  of  elasticity  values  for  deflection  checks 
and  column  design  shall  be  taken  from  AITC  1 17-74. 


4 DESIGN  EXAMPLE 

The  following  example  of  the  design  of  glu^- 
laminated  stringers  for  an  AFCS  bridge  is  based  on 
the  criteria  given  in  Chapter  3.  Additional  refer- 
ences'* commonly  used  in  glued-laminated  timber 
design  for  permanent  structures  are  suggested. 

Dotign  of  Qlusd-Lsminatsd  TImbor 
Sfringor  Bridge 

Design  class  SO,  two-lane  bridge,  glued-laminated 
stringers,  nailed-laminated  timber  deck,  single  60-ft 
span,  stringer  timber:  Southern  pine  24  F-3  combi- 
nation, dry  condition  of  use. 


*Kclm  to  axial  tension  parallel  to  grain  and  not  to  tension  due 
to  bending. 

"In  certain  cases,  unrealistically  low  loads,  moments,  and 
forces  can  result  if  the  current  procedures  in  TM  S-312  are  used. 

tHiis  section  applies  to  temporary  bridges  and  bridges  having 
unusually  high  consequences  of  failure. 

'•C/«/om  Bridge  S^tems  Plata  (AITC.  1974);  Timber  Con- 
siruclioH  Manual.  2nd  ed.  (AfTC.  1974);  Sational Design  Specifi- 
cation for  Stress  Grade  Lumber  and  Its  Fastenings  (National 
Forest  Products  Association.  1973);  and  Standard  Specifications 
for  Highway  Bridges  (American  Association  of  State  Highway  and 
Transportation  Officials.  1973). 
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Procedure 


Remarks  (References  refer  to  TMS-312  unless  other- 
wise QOted) 


1.  Design  Loads  (60-ft  span) 


a.  Dead  lAtad 


Equation  6-1 


500  + 60 17 0.4(50)1 


Table  6-1 


WJjL  = 21 20  Ib/ft  - 2. 1 2 kips/ft 


DL^  (2.12)(60)* 


Equation  6-2 


954kip-ft 


DL^  2.12(60) 


Equation  6-3 


b.  Live  Load 


Appendix  D-6 


1235kip-ft 


Appendix  D-6 


1338  kip-ft  *-  Controls 


Appendix  D-7 


Appendix  D-7 


2.  Stringer  Selection 


a.  Elective  Stringers 


Table  6-2 


For  a class  50  two-lane  bridge,  the  minimum 
width  is  24  ft  0 in.  Maximum  stringer  spacing 
is6ft0in. 


The  minimum  number  of  stringers  (N$)  is 


Equation  6-5a 


LJMi-LiLBWSy-.Lji.ijt 


The  effective  number  of  stringers  for  a two- 
lane  bridge  (Ni)  is 


Table  1 in  Chapter  3 of  this  report. 


whichever  is  smaller 


Table  1 in  Chapter  3 of  this  report. 


Table  2 in  Chapter  3 of  this  report.  The  reduction 
factor  c corresponds  to  W/L  < 1.0  and  a nailed- 
laminated  timber  deck. 


N,-0.90M]-1.69or 


Use  smaller  of  Njor  Nj 


Therefore:  N.  = 1.65 


b.  Design  Moment,  m 


Equation  6-9a 


c.  Required  Section  Modulus 


Equation  6-10 


Allowable  bending  stress,  f), 


Equation  1 in  Chapter  3 of  this  report  where  M “ 
modification  factor  in  Table  4 and  Fj,  ■ allowable 
AITC  117-74  bending  stress  (auuming  adequate 
lateral  support). 


M-I.35 


F|,  =•  Cp(2400)  F),  for  Southern  pine,  24F-3  combination,  dry  is: 

Fb-Cp(2400) 

Cp*(l2/d)*'^  Cp -size  effect  factor  given  in  Section  903-F  NDS. 

d -depth  of  member,  in. 

To  obtain  an  estimate  of  F),  and  f),  assume 


Cp-0.85 

Then  f^  - (1.3S)(0.85)(2400) 

- 2754  psi- 2.75  ksi 

The  required  section  modulus  based  on  f{,  - 
2.75  ksi  is 


, _m(12)_(1001.7)(l2) 
fb  “ 2.75 

-4371  in.* 

Trial  Section: 

b(width)  - 10.75  in.  (actual  dimension) 
d(depth)  - 49.5  in.  (actual  dimension) 

Cp  = (12/49.5)*^ -0.85 

Therefore  fb  - 2.75  ksi  is  correct 
and  Sj  -4371  in.* 

c_bd*_(10.75)(49.5)* 

6 ” 6 

-4390  in.* 

S>Sf 

Therefore,  trial  section  is  adequate  for  bend- 
ing. assuming  adequate  lateral  support 


Equation  6-10 


Also  see  table  in  AITC  117-74  titled  “Structural 
Glued-Laminated  Timber  Section  Properties” 


3.  Shear  Check 

a.  Dead  Load  Shear 

'^DL  63.6  kips 
’1L--S5 


Equation  6-12 


b.  Live  Load  Shear 


•)>>i  t , but  not  less  than  0.75  V|  t 


Equation  6-17  of  TM  5-312  as  revised  in  Chapter  3 of 
this  report. 


V|  I . Wheeled  Vehicle,  Single  Lane: 


Table  3,  Chapter  3 of  this  report. 


Appendix  D-1,  Column  3 


40  kips 


Wheeled  Vehicle,  Double  Lane: 


Table  3,  Chapter  3 of  this  report 


Tracked  Vehicle,  Single  Lane: 


Table  3.  Chapter  3 of  this  report. 


I . Tracked  Vehicle,  Double  Lane: 


Table  3,  Chapter  3 of  thte  report. 


r 


'ix*  - S9.S  kips 

Use  largest  for  single  and  double  lanes 

and  wheeled  and  tracked  vehicles; 

ThcreliMe  *^'P* 

The  live  load  shear  then  becomes: 

,60 -(49.5/12),,,  „ 

»1L"( 60 

but  not  less  than  0.75(71.9) 
vll  - 0.93(71.9)  - 67.0  kips 
and  67.0  kips  >0.75(71.9)  kips 
Therefore,  v^  j *67.0  kips 

c.  Total  Design  Shear 
v“Vdl  + Vll -12.7 + 67.0 

-79.7  kips 

d.  Effective  Shear  Area 


fy-MFv 

M-1.15 


For  Southern  pine,  combination  24F-3 
Fy  - 200  psi 
fy- 1.15(200) -230  psi 
- 0.230  ksi 

Ay  ofb- 10.75  in., 

d -49.5  in.  section: 

Ay  — y bd 


Table  3,  Chapter  3 of  this  report. 

Equation  6-17  of  TM  5-312  as  revised  in  Chapter  3 of 
this  report. 


Chapter  3 of  this  report. 

Equation  6-19 

Equation  1,  Chapter  3 (rf this  report. 

Tabled,  Chapter  3 of  this  report. 

Allowable  AITC 11 7-74  shear  stress,  Fy-200psi 


Equation  6-20 


1 

I 


17 


j (I0.75)(49.5)  * 354.75  sq  in. 


Ay  > Ay 


Shear  O.K. 


4.  The  deck  must  be  designed  and  the  actual  dead 
load  versus  the  assumed  dead  load  checked; 
appropriate  changes  in  section  modulus  and 
shear  area,  if  necessary,  must  then  be  made.  The 
deflection  and  lateral  bracing  must  be  checked, 
the  fastenings  and  joints  must  be  designed,  and, 
the  bearing  must  be  checked. 


- CONCLUSIONS 
O AND  RECOMMENDATIONS 


Conclutlont 


1.  Design  criteria,  procedures,  and  material 
specifications  developed  using  state-of-the-art  meth- 
odologies should  result  in  adequate  safety  and  per- 
formance for  T/0  glued-laminated  timber  stringer 
highway  bridges.  (Volume  II  presents  the  develop- 
ment and  justification  of  the  criteria.) 


2.  Bridge  stringer  material  weight  savings  of 
about  15  percent  result  when  using  the  recom- 
mended T/O  bridge  design  criteria  rather  than  using 
permanent  bridge  allowable  stresses  with  the  design 
procedures  recommended  in  Chapter  3. 


3.  The  criteria,  design  procedures,  and  material 
specifications  are  given  te  Cluqtter  3 for  ARCS 
bridges.  In  Chapter  3,  modified  design  loads  and 
procedures  given  in  TM  5-312  and  OMMlifled  AITC 
117-74  allowable  stresses  are  recommended.  The 
recommendations  in  Chapter  3 for  ARCS  bridges  are 
intended  to  be  used  by  engineers  in  bridge  design 
offices,  and  not  by  combat  engineers  in  the  field. 


Racommnndatlons 


1.  The  design  criteria,  procedures,  and  material 
specifications  given  in  Chapter  3 should  be  con- 
sidered for  use  in  the  design  of  ARCS  T/O  bridges. 


2.  Consideration  should  be  given  to  the  develop- 
ment of  procedures,  criteria,  and  material  specifica- 
tions for  the  design  of  glued-laminated  timber  decks 
for  T/O  glued-laminated  timber  stringer  bridges. 
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Specificatioii  117-74*  and  Product  Standard  (PS) 
56-73,’  which  cover  glued-laminated  timber  fabri- 
cated from  Douglas  fir.  Western  larch.  Southern 
pine,  and  California  redwood. 


RECOMMENDED  DESIGN  CRITERIA 
FOR  QLUED-LAMINATED  TIMBER 
HIGHWAY  BRIDGES  IN  THEATERS 
OF  OPERATION 


Approach 

Appropriate  reliability  models  were  developed  to 
analyze  and  evaluate  the  safety  levels  and  consist- 
ency of  existing  permanent  structural  design  criteria 
for  glued-laminated  timber  bridge  members.  The 
models  were  then  used  to  develop  recommended 
T/O  bridge  design  criteria  for  glued-laminated 
timber  members  for  the  dead  plus  live  static  load 
case. 


INTRODUCTION 


Background 

Engineer  troop  units  in  the  theater  of  operations 
(T/O)  are  assigned  diverse  construction  missions 
which  often  have  critical  completion  date  require- 
ments. Many  of  these  missions  involve  erection  or 
assembly  of  standard  prefabricated  components 
such  as  those  available  for  buildings  and  tactical 
bridges,  while  others  require  construction  using  con- 
ventional materials  and  components. 


Giapter  2 summarizes  the  development  of  the 
design  criteria  (the  development  and  justifications 
for  the  criteria  are  detailed  in  Appendices  A through 
E of  Volume  II).  Chapter  3 presents  the  recom- 
mended design  criteria,  and  Chapter  4 provides  a 
design  example.  Chapter  5 presents  the  conclusions 
and  recommendations. 


The  Army  Facilities  Components  System  (AFCS) 
contains  standard  designs  for  many  structures  that 
T/O  troop  units  may  be  required  to  construct.  The 
AFCS  publication  TM  5-302, ' and  its  related  logisti- 
cal references  TM  5-301’  and  TM  5-303,’  contain 
many  standard  structural  designs  using  both  stand- 
ard and  prefabricated  components,  along  with  bills 
of  materials  and  construction  practice  guidance. 
These  manuals  greatly  reduce  the  planning  and 
design  effort  required  to  complete  a construction 
assignment. 


SUMMARY  OF  DESIGN 
CRITERIA  DEVELOPMENT 


This  report  presents  a rational  basis  for  develop- 
ing consistent  design  criteria  for  short-life  struc- 
tures. "Consistent”  means  that  the  probability  or 
chance  of  reaching  a limit  state  (limit  state  proba- 
bility) of  a structural  member  is  compatible  with  the 
other  limit  state  probabilities  of  that  member  or 
other  members. 


However,  design  criteria  for  military  bridges  using 
glued-laminated  timber  are  currently  unavailable. 
Since  the  design  life  of  T/O  structures  is  typically 
from  2 to  5 years,  use  of  civilian  structural  design 
codes,  which  are  generally  based  on  a 50-  to  75-year 
design  life  and  relatively  high  levels  of  reliability,  can 
result  in  unnecessarily  conservative  and  uneconomi- 
cal designs  for  the  limited  performance  needs  of  T/O 
structures. 


Member-resistance  and  structural  loading  data 
were  combined  to  determine  existing  and  recom- 
mended limit  state  probabilities  and  their  corre- 
sponding safety  index  values.  First  order  reliability 
theory  and  best  estimates  of  central  tendency  (aver 
age  values)  coupled  with  measures  of  dixiiersion 
(coefficients  of  variation)  of  the  rcsislancT  and  load 
were  used  to  compute  the  safety  index  values.  These 
safety  index  values  were  ciunputed  ft»r  perniMncni 
and  temporary  structural  elements  and  used  as 
guides  in  determining  recommendod  allowahic 
stresses  for  the  static  failure  mode.  Kccommcndcd 
criteria  for  temporaiy  bridges  were  dctermincrl  to 


Objective 


The  objective  of  this  study  is  to  develop  design 
criteria  recommendations  for  glued-laminated  tim- 
ber members  in  T/O  highway  bridges  subjected  to 
dead  plus  static  live  loads.  The  types  of  glued-lami- 
nated timber  to  be  considered  are  those  specified  by 
American  Institute  of  Timber  Construction  (AITC) 


‘Army  Facilities  Components  System  (AFCS) — Design. 
TM  5-.W2  (Department  of  the  Army.  1973). 

‘Army  Facilities  Components  System  (AFCS) — Planning, 
TM  5-.W1  (Department  of  the  Army.  1973). 

Mmiv  Facilities  Components  System  (AFCS)  Logistic  Data  and 
Bills  pi' Materials,  TM  5-303  (Department  of  the  Army,  1973). 


•Standard  .dprcilimfnms  fiir  .Stmetnnl  tilnesl  Inminntnl 
Timber  of  Douglas  Fir.  Western  iMtck.  Stmtbem  Pinr.  and  l ab 
fomia  Rednond,  AITf  1 17-74  lAmcrinn  Imthutr  of  limhrr 
Construction  |AITC|,  1974). 

•Volnntary  Product  Standard  PS  Sb-73  far  Strunand  Cdurd 
Laminated  Timber  (AITC.  1973). 
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yield  safety  index  values  which  will  provide  adequate 
safety  relative  to  the  safety  levels  and  performance  of 
permanent  bridges,  while  reflecting  the  bridges' 
temporary  nature. 

It  was  assumed  in  the  criteria  development  that 
adequate  fabrication,  aswmbly,  and  erection  proce- 
dures are  used.  Special  provisions  and  criteria  are 
recommended  when  lower  quality  fabrication, 
assembly,  and  erection  practices  are  likely  to  occur. 

Stringer  weight  savings  of  about  IS  percent  result 
from  using  the  recommended  T/O  bridge  design 
criteria  rather  than  using  the  permanent  bridge 
allowable  stresses  with  the  design  prooedures  in 
Chapter  3. 

RECOMMENDED  DESIGN  CRITERIA 
FOR  AFCS  BRIDGES 


nature  of  T/O  bridges.  The  safety  levels  correspond- 
ing to  the  recommended  criteria  for  T/O  bridges 
loaded  with  their  normal  or  maximum  loads  are 
comparable  to  or  exceed  those  corresponding  to 
permanent  civilian  bridges  loaded  with  their  maxi- 
mum loads.  However,  the  safety  levels  corresponding 
to  the  recommended  criteria  for  T/O  bridges  loaded 
with  their  normal  or  maximum  loads  are  below  those 
corresponding  to  permanent  bridges  loaded  with 
their  normal  loads.  In  summary,  the  recommended 
criteria  should  result  in  acceptably  safe  temporary 
bridges  compared  with  current  permanent  civilian 
bridges  loaded  with  their  maximum  loads. 

This  discussion  of  safety  is  based  on  the  assump- 
tion of  adequate  fabrication,  assembly,  and  erection 
practices;  the  safety  of  a brioge  can  be  reduced 
significantly  by  low  quality  fabrication,  assembly, 
and  erection  practices  (see  the  FabrIcatloii,  Assem- 
bly, Erecthm,  and  Handling  section  of  this  chapter). 


Scope 

The  following  criteria  are  recommended  for  use  in 
designing  temporary  T/O  bridges  using  glued-lami- 
nated  timber.  Temporary  bridges  have  design  lives 
of  2 to  5 years  (bridges  whose  failure  would  have  un- 
usually severe  consequences  are  not  considered 
temporary,  even  though  their  design  lives  may  be  2 
to  5 years).  The  maximum  deviation  from  these 
criteria  shall  not  exceed  2 percent  (on  the  uncon- 
ser\ative  side)  of  the  indicated  design  requirements. 

The  following  criteria  are  based  on  AITC  117-74, 
PS  56-73,  and  the  1973  National  Design  Specifica- 
tion (NDS)  for  Stress  Grade  Lumber  and  Its  Fasten- 
ings, * except  as  modified  herein.  The  criteria  apply 
to  highway  bridges  only;  they  do  not  apply  to  rail- 
road bridges . 

Safety,  Savings,  and  Cost  Effactivanass 

In  the  past,  increased  allowable  stresses  for  static 
loading  have  been  permitted  for  temporary  steel 
stringer  bridges.'  The  safety  levels  corresponding  to 
the  allowable  stresses  and/or  design  procedures  for 
temporary  glued -laminated  stringer  bridges  were 
evaluated  and  used  to  determine  acceptable  design 
criteria  and  procedures  which  reflect  the  temporaiy 

^National  Design  Specification  fisr  Stress  Grade  Lumber  and  Its 
Fastenings  (Natk>ii«l  Forest  Products  Association,  1973). 

’Military  Fixed  Bridges.  TM  S-312  (Department  of  the  Army. 
December  1968),  with  changes  I and  2. 


Material  weight  of  glued-laminated  timber 
stringers  in  T/O  bridges  designed  using  the  recom- 
mended criteria  will  typically  be  about  IS  percent 
less  than  when  designed  using  permanent  bridge 
allowable  stresses  with  the  procedures  recommend^ 
in  this  chapter. 

Use  of  the  recommended  criteria  rather  than  the 
permanent  criteria  to  prevent  static  failure  will  be 
cost  effective  if  the  material,  transportation,  labor, 
and  storage  cost  savings  exceed  the  cost  of  imple- 
menting the  criteria  (see  the  iMpIsMWtaHon  section 
of  this  chapter). 

Use  of  the  recommended  criteria  appears  reason- 
able, provided  that  the  temporary  steel  and  timber 
bridges  used  in  the  past  have  bera  acceptably  safe 
and  have  performed  satisfactorily.  The  decision  to 
use  the  recommended  criteria  is  to  be  made  by  the 
APCS  Office  at  the  Office  of  the  Giief  of  Engineers 
(DAEN-FEE-A). 

ImpiMiMitatlon 

The  recommended  criteria  are  based  on  modifica- 
tions to  existing  (AITC  117-74  and  1973  NDS)  allow- 
able stresses  for  permanent  structures.  The  recom- 
mended criteria  require  use  of  the  miUtaiy  design 
loads  and  procedures  (as  opposed  to  allowable 
stresses)  ghrm  In  TM  5-312  ai^  modified  herein. 
Hence,  the  recommended  criteria  are  intended  for 
use  by  bridge  design  offices,  and  not  by  combat  engi- 
neers in  the  field.  The  criteria  “pnekags"  required 
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by  a bridge  design  office  would  consist  of  these  cri- 
teria (Chapter  3),  which  in  turn  require  the  use  of 
modified  TM  S-31 2 design  loads  and  procedures  and 
the  modifled  AITC  117-74  and  1973  NDS  allowable 
stresses. 

Fabrication,  Aaaambly,  Eraetion, 
and  Handling 

The  recommended  criteria  are  based  on  the 
assumption  that  fabrication,  assembly,  and  erection 
quality  and  tolerances  are  comparable  to  those  used 
in  U.S.  permanent  construction.  The  recommended 
allowable  stresses  shall  be  reduce^  accordingly  for 
low  quality  fabrication,  assembly,  or  erection.  Fabri- 
cation, assembly,  and  erection  shall  be  in  accord- 
ance with  AITC  117-74  and  the  AITC  Timber  Con- 
struction Manual ' Necessary  precautions,  including 
provision  of  adequate  support  and  bracing  to  protect 
against  buckling  and  other  erection  problems,  shall 
be  taken  during  erection. 

Handling  precautions  shall  be  taken,  especially 
for  laminations  which  will  be  subjected  to  tension* 
during  service.  Notching  the  bottom  of  stringer  ends 
(e.g.,  to  lower  the  elevation  of  the  roadway)  shall  not 
be  permitted. 

Serviceability 

Because  the  criteria  recommendations  are  based 
on  limit  state  strength  only,  serviceability  require- 
ments, including  deflection,  are  not  covered  by  the 
criteria;  they  shall  be  imposed  as  judged  necessary. 

Prasarvative  Traatmants 

In  warm,  moist  areas,  preservative  treatment  may 
be  necessary  to  insure  a S-year  life  for  members  in 
ground  contact,  e.g.,  abutments,  pilings,  etc.  If  pre- 
servative treatment  is  not  feasible,  consideration 
should  be  given  to  specifying  all  hcartwood  decay- 
resistant  species.** 

Loada,  Momanta,  and  Forcaat 

The  recommended  criteria  apply  to  the  dead  plus 
live  load  case  (vehicle  plus  payload  weight).  Ottier 

^Timber  Construction  Manual,  2nd  ed.  (AITC.  1974). 

*Tjrpicall)r.  the  bottom  laminations  in  stringera. 

••For  more  information  see  "Decay  Resistance,"  Wood  Hand- 
book: Wood  as  an  Engineering  Material,  Forest  Serrke  Agricul- 
tural Handbook  No.  72  (Department  of  Agriculture,  Forest 
Products  Laboratory,  1974). 

tin  certain  cases,  unrealistically  low  loads,  moments,  and 
forces  can  result  if  the  current  procedures  in  TM  5-312  are  used. 


loads,  including  wind,  water,  ice,  and  earthquake, 
are  not  covered. 

The  procedures  given  in  TM  S-31 2 for  determin- 
ing the  design  loads  and  the  moments  and  forces 
used  In  the  design  of  bridge  members  and  fastenings 
shall  be  used,  except  as  modified  herein. 

The  two  load  cases  used  in  the  design  process — the 
normal  vehicle  crossing  load  case  and  the  caution 
crossing  load  case — ^are  described  in  Table  4-3  of 
TM  S-312.  Normal  crossings  are  convoy(s)  consisting 
of  vehicles  not  exceeding  the  posted  bridge  class.  A 
caution  crossing  consists  of  a single  line  of  vehicles 
crossing  a one-  or  two-lane  bridge  on  the  bridge 
centerline.  Each  vehicle  is  spaced  at  ISO  ft*  or  more 
and  shall  not  be  more  than  1.25  times  the  normal 
posted  bridge  class.  Additional  details  are  given  in 
Section  IV,  Chapter  4,  of  TM  5-312  and  Paragraph 
2-54  of  FM  5-36.’ 

The  current  procedure  in  TM  5-312  proportions 
all  members,  fastenings,  and  connections  on  the 
basis  of  the  normal  class  loading.  The  following 
recommended  procedure,  however,  requires  that 
they  be  proportioned  on  the  basis  of  either  the 
normal  or  caution  load  cases,  as  specified. 

Flexural  Members  and  Flexural  Splices — Designing 
for  Bending  or  Lateral  Buckling  in  Stringers 

The  live  load  moments  corresponding  to  normal 
class  crossings  found  in  Appendix  D of  TM  5-312 
shall  be  used  to  proportion  the  flexural  members  or 
flexural  splices  for  bending  and  lateral  buckling. 

The  current  procedure  for  stringer  design  given  in 
Paragraph  6-5  of  TM  5-312  shall  be  used,  except 
that  the  recommended  formulas  in  Table  1 shall  ^ 
used  to  determine  the  effective  number  of  stringers. 

Shear  in  Stringers,  Bearing  Forces  at  Stringer  Ends, 
and  Forces  in  Stringer  End  Connection  Fastenings 

The  live  load  shear  force  in  stringers,  bearing 
forces  at  ends  of  stringers,  and  forces  in  stringer  end 
connection  fastenings  shall  be  determined  by  using 
the  larger  force  resulting  from  the  normal  (w  caution 


•SI  convenion  facton  for  all  units  of  measurement  used  in  this 
report  are  given  at  the  end  of  the  report. 

*Route  Reconnaissance  and  Classification,  FM  5-36  (Depart- 
ment of  the  Army.  May  1965). 
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.s 

Single  lane:  Ni  “ _ + • 

(Eqh-7a) 

5 

Single  lane:  N,  “ cl--  + 1 1 

.3 

Two  lanes:  N|  * N,or  Nj  ” N, 
o 

(Eq  6-7b) 

3 

Two  lanes:  Nj  “ c(  Nj|  or  Ni  “ N, 

O 

whichever  is  smaller 

whichever  is  smaller 

where  N,  “ effective  number  of  stringers  for  single-lane  bridges 
Sj  “ center-to-center  stringer  spacing  in  feet 
Nj  > number  of  stringers 

N]  - effective  number  of  stringers  for  two-lane  bridges 
c - reduction  factor  given  in  Table  2 

Tabic  2 

VahMc  of  Radactlaa  Factor  c*  Died  In  Rccoauacodcd  Fonoalac 
(Table  1)  for  DctermhitogtbcEBccflTcNaMbcr  of  Stelatcn 


Bridge  Deck  Type 

Ratio  of  Bridge  Floor  Width 
(oM-to-oaS)  to  Bridge  Span 
Length  (W/L) 

W/L<1.0  W/L  >1.0 

Glued-laminated  timber  or  concrete 

1.0 

0.75 

Nailed-laminated  timber,  plank,  or 

multiple-layered 

0.90 

0.70 

•The  factor  c accounts  for  the  reduction  in  lateral  load  distribu- 
tion when  using  nailed -laminated  timber,  plank,  or  multiple- 
layered decks  and/or  biidges  which  are  very  wide  compared  to 
their  span  length. 

crossing  load  cases.  The  shear  for  single-lane  bridges 
is  bas^  on  the  caution  load  case;  for  two-lane 
bridges  it  is  based  on  either  the  normal  load  case  or, 
if  larger,  the  caution  load  case.  The  following  proce- 
dure (revised  Paragraph  6-6,  TM  5-312)  shall  be 
used  to  determine  the  shear  force  in  stringers,  the 
bearing  forces  at  stringer  ends,  and  the  forces  in 
stringer  end  connection  fastenings. 

6-6.*  Shear  Check  (Shear  Design) 

c.  Glued-Laminated  Timber  Stringer  Bridges 

Compared  to  steel  stringers,  glued-laminated 
timber  stringers  are  relatively  lower  in  horizontal 
shear  strength.  Thus,  shear  can  be  critical  in  glued- 
laminated  timber  stringers,  and  the  horizontal  shear 
stress  often  controls  the  allowable  design  load,  par- 
ticularly for  short  spans. 

•Paragraph  6-6b  shall  be  retitled  Solid-Sawi  Timber  Stringer 
Bridget. 


(1)  Dead  Load  Shear.  The  dead  load  shear  per 
stringer  is  determined  as  for  a steel  stringer  bridge 
using 

Vdl 

’’DL  “ 13 — (Equation  6-12) 

(2)  Live  Load  Shear. 

(a)  Effective  shear  per  stringer,  vt  i . for 
glued-laminated  timber  stringers.  The  effective  live 
load  shear  per  stringer,  must  account  for  the 
shear  per  stringer  due  to  loads  near  the  support  as 
well  as  loads  out  on  the  span.  It  can  be  assumed  that 
the  wheel  or  track  loads  which  ate  at  or  near  a sup- 
port will  go  directly  into  the  stringer  (with  the  deck 
assumed  to  act  as  a series  of  simple  beams)  and  the 
loads  which  are  out  on  the  span  will  be  distributed 
laterally  in  a manner  similar  to  moment.  The  effec- 
tive live  load  shear  per  stringer  vi.r  in  kips  shall  be 
determined  from  Table  3. 

(b)  Design  live  load  shear  per  stringer,  vt  i. 
Jbr  glued-laminated  timber  stringers.  Tests  with 
timber  beams  indicate  that  the  shear  failure  will 
occur  when  a concentrated  load  is  at  some  constant 
distance  from  the  support,  rather  than  when  the  load 
is  just  off  the  support,  the  location  that  produces 
maximum  shear.  Iliis  is  caused  by  the  concentrated 
load  tending  to  compress  the  fibers,  thus  increasing 
the  horizontal  shear  strength.  When  the  load  is 
moved  off  the  support  a distance  of  about  the  depth 
of  the  stringer,  the  optimum  condition  for  shw 
failure  exists.  Thus,  the  value  of  the  effective  live 
load  shear  per  stringer,  should  be  reduced 
accordingly.  The  design  live  load  shear  per  stringer, 
VLL,  in  kips,  is: 
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Wheeled 

vehicle 


Tracked 

vehicle 


- wheeled  vehicle  shear  in  kips  as  given  in  Appendices  D-4  and  D-7^  of  TM  5-312 
W 

” tracked  vehicle  shear  in  kips  as  given  in  Appendices  D-Sand  D-7^  of  TM  5-312 
” the  heaviest  axle  load  in  kips  as  given  in  column  3^  of  Appendix  D-1  of  TM  5-312 
Sj  ” stringer  spacing  in  ft 

N,  * effective  number  of  stringers  for  single  lane  given  in  Table  1 
N]  ” effective  number  of  stringers  for.  double  lane  given  in  Table  1 . 


where:  V, 


*The  coefficient  of  1 .25  is  used  to  adjust  shear  from  normal  crossing  case  to  caution  crossing  case. 

**For  the  double-lane  case,  vj,  shall  be  computed  for  both  single  and  double  lanes  and  the  larger  value  of  vj 
tEntries  in  Appendix  D-7  am  column  3 of  Appendix  D- J are  given  in  tons  and  must  be  converted  to  kips. 


Columns,  Compression  and  Tension  Members, 
and  Thar  Associated  Fastenings  and  Connections 


-)vf  .T , but  not  less  than  0.75  vjj 


(Revised  Equation  6-17) 


The  forces  in  compression  or  tension  members 
and  their  associated  fastenings  and  connections  jhall 
be  the  larger  of  the  forces  produced  by  the  normal  or 
caution  crossing  load  cases. 


where  vll  ” design  live  load  shear  per  stringer  in 
kips 

L = bridge  span  in  ft 
d * depth  of  stringer  in  ft 
yj.!  “ effective  live  load  shear  per  stringer 
from  Table  3. 


Impact 


The  procedure  to  account  for  impact  (no  increase) 
given  in  TM  5-312  shall  be  follow^. 


(3)  Total  Shear  Per  Stringer,  .The  total  design 
shear,  v,  for  a glued-laminated  timber  stringer  is: 


Allowable  Streasaa— Mambora 


The  allowable  stress  for  members  in  temporary 
T/O  bridges  shall  be  found  ftom 


where  v " total  design  shear  per  stringer  in  kips 
a dead  load  shear  per  stringer  in  kips 
VLL  “ design  live  load  shear  per  stringer  in 
kips. 


where  f “ allowable  stress  for  members  in  tempo- 
rary bridges 

M - modification  factor  found  in  Table  4 
F a AITC  117-74  allowable  stresses  for 
members  for  the  dead  plus  live  load  case 
for  10  years  of  continuous  or  cumulative 


The  rest  of  the  shear  design  procedure  shall  be  the 
same  as  that  given  in  subparagraphs  (4)  and  (5)  of 
Paragraph  6-6b,  Timber  Stringer  Bridges  of 
TM  5-312. 
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RmmwmmM  ModIficirtioB  Factw  M 


RaMaacc* 

VaiwofM 

Bending 

1.35 

Shear 

1.15 

Compression  parallel  to  grain** 

1.15 

Compression  perpendicular  to  grain 

1.15 

Column  buckling 

1.00 

Tension  parallel  to  grain 

0.80 

*Appropriate  member  moments  and  forces  shall  be  determined 
as  specified  in  the  Loads,  Msasals,  oad  Foiess  section. 

** Applies  to  fully  braced  columns  only,  i.e.,  when  buckling  can- 
not occur. 


loading;  F shall  include  all  NDS  modifi- 
cations of  stresses  (except  load  duration) 
including  moisture  content,  size  effect 
(for  bending),  lateral  stability  (for  bend- 
ing), buckling  (compression  members), 
and  bearing. 


loading  (i.e.,  for  permanent  bridges)  shall  be  used 
for  members,  except  that  70  percent  of  the  AITC 
117-74  allowable  stress  for  tension*  shall  be  used. 
Criteria  for  fastenings  and  joints  and  all  other 
criteria  (except  allowable  stresses  for  members)  shall 
be  as  specified  by  NDS  for  permanent  bridges;  a 
load  duration  of  10  years  of  continuous  or  cumula- 
tive loading  shall  used.  Recommendations  given 
in  the  Loada,  Momenta,  and  Forcca  section  of  this 
chapter  shall  be  used.** 


Modulus  of  Elaslicilyt 

Modulus  of  elasticity  values  for  deflection  checks 
and  column  design  shall  be  taken  from  AITC  1 17-74. 


4 DESIGN  EXAMPLE 

The  following  example  of  the  desi^  of  glued- 
laminated  stringers  for  an  AFCS  bridge  is  based  on 
the  criteria  given  in  Chapter  3.  Additional  refer- 
ences'® commonly  used  in  glued-laminated  timber 
design  for  permanent  structures  are  suggested. 
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I 
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Depending  on  the  application,  bridge  stringers 
treated  with  an  oil-base  preservative  and  having  a 
waterproof  deck  may  be  designed  with  dry-use 
stresses  for  bending  and  shear.  However,  wet-use 
stresses  shall  always  be  used  for  compression  per- 
pendicular to  grain. 

Critfria  for  Fastenings  and  Joints, 
and  Other  Criteria  Not  Covered  Herein 

Criteria  for  fastenings  and  joints,  and  other  cri- 
teria not  covered  herein,  shall  be  as  specified  by  NDS 
for  permanent  bridges;  a load  duration  of  10  years  of 
I continuous  or  cumulative  loading  shall  be  used. 

Criteria  for  Bridges  Having  Unusually 
High  Consequences  of  Failure 

For  bridges  whose  failure  would  have  unusually 
f severe  consequences,  the  AITC  117-74  allowable 

stresses  for  10  years  of  continuous  or  cumulative 


Design  of  Qlued^Laminated  Timber 
Stringer  Bridge 

Design  class  SO,  two-lane  bridge,  glued-laminated 
stringers,  nailed-laminated  timber  deck,  single  60-ft 
span,  stringer  timber:  Southern  pine  24  F-3  combi- 
nation. dry  condition  of  use. 


*Kcl'crs  (o  axial  tension  parallel  to  grain  and  not  to  tension  due 
to  bending. 

**ln  certain  cases,  unrealistically  low  loads,  moments,  and 
forces  can  result  if  the  current  procedures  in  TM  5-312  are  used. 

tThis  section  applies  to  temporary  bridges  and  bridges  having 
unusually  high  consequences  of  failure. 

’“G/u/am  Bridge  Systems  Plans  (AITC.  1974);  Timber  Con- 
struction Manual,  2nd  ed.  (AITC.  1974);  National  Design  Specifi- 
cation for  Stress  Grade  Lumber  and  Its  Fastenings  (National 
Fornt  Products  Association.  1973);  and  Standard  Specifications 
for  Highway  Bridges  (American  Association  of  State  Highway  and 
Transportation  Officials.  1973). 
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Remarks  (References  refer  to  TM  5*312  unless  other- 
wise noted) 


Procedure 


I . Design  Loads  (60-fi  span) 


a.  Dead  Load 


Hquation  6*1 


Table  6*  I 


500  + 60  |7-f  0.4(50)) 


2120lb/ft 


DL^  (2.12K60)* 


Equation  6-2 


954  kip-ft 


Equation  6-3 


b.  Live  Load 


Appendix  D-6 


1235  kip-ft 


Appendix  D-6 


1338  kip-ft  *-  Controls 


Appendix  D-7 


Appendix  D-7 


2.  Stringer  Selection 


a.  Effective  Stringers 


Table  6-2 


For  a class  50  two-lane  bridge,  the  minimum 
width  is  24  ft  0 in.  Maximum  stringer  spacing 
is  6 ft  0 in. 


The  minimum  number  of  stringers  (Nj)  is 


Equation  6-5a 


m 


The  effective  number  of  stringers  for  a two- 
lane  bridge  (N])  is 


N,“c[^Ns]orN,-N, 


whichever  is  smaller 


Table  1 in  Giapter  3 of  thb  report. 


N,-c[f-HJ 


c=0.90 


Table  1 in  Chapter  3 of  this  report. 

Table  2 in  Chapter  3 of  this  report.  The  reduction 
factor  c corresponds  to  W/L  < 1.0  and  a nailed- 
laminated  timber  deck. 


N,  = 0.90[^-H]-1.65 
N,  = 0.90(|<5)l-I.69or 


N,-N,-1.65 

Use  smaller  of  N j or  N 2 
Therefore:  N|  = 1 .65 
b.  Design  Moment,  m 

“"'DL‘*‘'"LL 

Ns  N2 


Equation  6-9a 


954  1338 


190.8-1-810.9 


m- 1001.7  kip-ft 


c.  Required  Section  Modulus 


Allowable  bending  stress,  f), 


Equation  6-10 


fb-MFb 


Equation  1 in  Chapter  3 of  this  report  where  M * 
modification  factor  in  Table  4 and  F),  ” allowable 
AITC  117-74  bending  stress  (assuming  adequate 
lateral  support). 
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M “1.35 
Fb  = Cp(2400) 

Cp“(12/d)‘^» 
d “depth  of  member,  in. 

To  obtain  an  estimate  of  and  f^  assume 
Cp“0.85 

Then  ffe  “ (1.35)(0.85)(2400) 

= 2754  psi  “ 2.75  ksi 

The  required  section  modulus  based  on  f), 
2.75  ksi  is 

, _m(12)_(1001.7)(12) 

ns— 

“4371  in.> 


Fb  for  Southern  pine,  24F-3  combination,  dry  is: 
Fb“Cp(2400) 

Cp  “ size  effect  factor  given  in  Section  903-F  NDS. 


I 


Equation  6-10 


b.  Live  Load  Shear 


vi  I ” I . but  not  less  than  0.75  vjj 


vf  I . Wheeled  Vehicle,  Single  Lane: 
S, 


'^LLw“'^A 


vll  = 1.25[(0.5+3^Va  + ( )] 

Ss  = 6.0ft 

Vy^  =40  kips 
N,  = 1.65 

' • -icr/n  e . , ,89.5  —40^, 

vll  =•  1.25[(0.5  + ^)40  + ( I )] 

= 71.9  kips 

vy  I , Wheeled  Vehicle,  Double  Lane: 


Ss-2 


'LL 


W 


-V. 


-) 


N2  = 1.65 

- . .8'^-5-40, 

‘’LL  = <-^)'W  + (-j^) 

= 56.7  kips 

*’LL’  ^'racked  Vehicle,  Single  Lane: 

VlLt 

vll-1.25(^) 

VlLt“  89.2  kips 

go  y 

vi  I =1.25  (— ^)  ” 55.8  kips 


Tracked  Vehicle,  Double  Lane: 


Equation  6-17  of  TM  5-312  as  revised  in  Chapter  3 of 
this  report. 


Table  3,  Chapter  3 of  this  report. 


Appendix  D-1,  Column  3 


Table  3,  Chapter  3 of  this  report. 


Table  3,  Chapter  3 of  this  report. 


Table  3,  Chapter  3 of  this  report. 


S,-6.0ft 


-(^-^9.2  -S9.5kips 

Use  largest  for  single  and  double  lanes 

and  wheeled  and  tracked  vehicles; 

Table  3,  Chapter  3 of  this  report. 

Thcrelt>re  “ 71.9  kips 

The  live  load  shear  then  becomes: 

,60 -(49.5/ 12),,.  „ 
»’LL-(  60 

Equation  6-17  of  TM  5-312  as  revised  in  Chapter  3 of 
this  report. 

but  not  less  than  0.75(71.9) 

vLl  -0.93(71.9)  -67.0  kips 

and  67.0  kips  >0.75(71.9)  kips 

Therefore.  V|  | - 67.0  kips 

c.  Total  Design  Shear 

V — ~i~  V|  i — 12.7 +67.0 

Chapter  3 of  this  report. 

-79.7  kips 

d.  Effective  Shear  Area 

> 

« 

Equation  6-19 

fv-MFv 

Equation  1.  Chapter  3 of  this  report. 

M-1.15 

Table  4,  Chapter  3 of  this  report. 

For  Southern  pine,  combination  24F-3 

Fy  » 200  psi 

Allowable  AITC 1 17-74  shear  stress.  Fy  - 200  psi 

fy- 1.15(200)- 230  psi 

- 0.230  ksi 

79.7 

AyOfb  - 10.75  in.. 

d -49.5  in.  section: 

Ay-  ybd 

Equation  6-20 

j (10.75)(49.5)  =354.75 sq in. 


Ay  > Ay 


Shear  O.K. 


4.  The  deck  must  be  designed  and  the  actual  dead 
load  versus  the  assumed  dead  load  checked; 
appropriate  changes  in  section  modulus  and 
shear  area,  if  necessary,  must  then  be  made.  The 
deflection  and  lateral  bracing  must  be  checked, 
the  fastenings  and  joints  must  be  designed,  and 
the  bearing  must  be  checked. 


- CONCLUSIONS 
O AND  RECOMMENDATIONS 


Conclusions 

1.  Design  criteria,  procedures,  and  material 
specifications  developed  using  state-of-the-art  meth- 
odologies should  result  in  adequate  safety  and  per- 
formance for  T/0  glued-laminated  timber  stringer 
highway  bridges.  (Volume  II  presents  the  develop- 
ment and  justification  of  the  criteria.) 

2.  Bridge  stringer  material  weight  savings  of 
about  15  percent  result  when  using  the  recom- 
mended I/O  bridge  design  criteria  rather  than  using 
permanent  bridge  allowable  stresses  with  the  design 
procedures  recommended  in  Chapter  3. 


3.  The  criteria,  design  procedures,  and  material 
specifications  ate  given  in  Chapter  3 for  AFCS 
bridges.  In  Chapter  3,  modified  design  loads  and 
procedures  given  in  TM  5-312  and  modified  AITC 
117-74  allowable  stresses  are  recommended.  The 
recommendations  in  Chapter  3 for  AFCS  bridges  are 
intended  to  be  used  by  engineers  in  bridge  design 
offices,  and  not  by  combat  engineCTS  in  the  field. 

Recommendations 

1.  The  design  criteria,  procedures,  and  material 
specifications  given  in  Chapter  3 should  be  con- 
sidered for  use  in  the  design  of  AFCS  T/O  bridges. 

2.  Consideration  should  be  given  to  the  develop- 
ment of  procedures,  criteria,  and  material  specifica- 
tions for  the  design  of  glued-laminated  timber  decks 
for  T/O  glued-laminated  timber  stringer  bridges. 
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Si  CONVERSION  FACTORS 


1ft 

-0.3048  m 

Ikip-ft- 1.3558  kNm 

Ift-lb 

= 1 .3558  Nm 

1 ksi  -0.69kN/cm* 

1 in. 

= 2.54  cm 

1 sq  in.  -6.4516  cm* 

Ikip 

- 4.448  kN 

(*F  -32)  5/9 -"C 

■i 


Picatinny  Arsanal 
ATTN:  SMUPA-VP3 

US  Amy,  Europ* 

ATTN:  AEAEN 

Director  of  Fecllltits  Eti9lnter1fi9 
APO  New  York.  NY  09827 
APO  Seattle.  UA  98749 


National  Defense  Headquarters 
Director  General  of  Construction 
Ottawa.  Ontario  K1A0K2 

Canada 

Canadian  Forces  liaison  Officer  (4) 
U.S.  Army  Nobility  Equipment 
Research  and  Development  ComMnd 
Ft  Belvolr.  VA  22060 

Div  of  Bldg  Research 
National  Research  Council 
Montreal  Road 
Ottawa.  Ontario.  K1A0R6 

Airports  and  Const.  Services  Dir. 
Technical  Information  Reference 
Centre 

KAOl.  Transport  Canada  Building 
Place  de  Vllle.  Ottawa.  Ontario 
Canada,  KIA  0N8 

British  Liaison  Officer  (5) 

U.S.  Army  ISoblllty  Equipment 
Research  and  Development  Center 
Ft  Belvolr.  VA  22060 

Ft  Belvolr,  VA  22060 
ATTN 
ATTN 
ATTN 


ATSE-TD-TL  (2) 

Learning  Resources  Center 
Kingman  Bldg,  Library 


US  Army  Foreign  Science  I 
Tech  Center 

AHN:  Charlottesville,  VA  22901 
ATTN:  Far  East  Office 

Ft  Monroe.  VA  236S1 

ATTN:  ATEN 

ATTN:  ATEN-FE-BG  (2) 

Ft  McPherson,  GA  30330 
ATTN:  AFEN'FEB 

Ft  Lee,  VA  23801 
ATTN:  DRXMC-D  (2) 

USA-CRREL 


USA-WES 
ATTN 
ATTN 
ATTN 


Concrete  Lab 

Soils  B Pavements  Lab 

Library 


6th  US  Army 
ATTN:  AFKC-LG-E 

I Corps  (ROK/US)  Group 

AHN:  EACl-EN 

APO  San  Francisco  963S8 

US  Army  Engineer  District 
New  York 

ATTN:  Chief,  Design  Br 
Buffalo 
ATTN:  Library 
Saudi  Arable 
AHN:  Library 


CERL  DISTRIBUTION 

US  Army  Engineer  District 
Pittsburgh 
AHN;  Library 
ATTN:  ORPCO 
ATTN:  Chief,  Engr  Olv 
Philadelphia 
ATTN:  Library 
ATTN:  Chief,  NAPEN-0 
Baltimore 
ATTN:  I Ibrary 


DARCQH  STIT-tUR 

ATTN:  Chief,  fnqr  Div 

APO  New  York  D97I0 

ATIN:  library 

USA  Liaison  Drtachmmt 

AITN:  NAmN-n 

• ATTN:  Library 

Hunt Imiton 

New  York.  NY  10007 

ATTN:  library 

ATTN:  Chief.  Engr  Div 

US  Military  Academy 

Wilmington 

ATTN:  Dept  of  Mechanics 

ATTN:  Chief,  SAUCO>C 

ATTN:  Library 

Charleston 

ATTN:  Chief,  Engr  Olv 

Chief  of  Engineers 

Savannah 

ATTN:  OAEN-ASM  <2) 

ATTN:  Library 

ATTN:  OACN«FEE-A 

ATTN:  Chief,  SA$AS>L 

AHN:  DAEN-FEB 

Jacksonville 

'■  ATTN:  DAEN-FESA 

ATTN:  Library 

ATTN:  0A£N>FEZ>A 

ATTN:  Const.  Olv 

ATTN:  DAEN-MCZ-S  (2) 

Mobile 

AHN:  DAEN'RDL 

ATTN:  Library 

ATTN:  0AEN-2CP 

ATTN:  Chief,  SWEN-D 

ATTN;  OAEN'PMS  (12) 

ATTN:  Chief,  SAMEN>F 

’ for  forwarding  to 

Nashville 

AHN:  Chief,  ORNED-F 
Memphis 

ATTN:  Chief,  Const.  Div 
ATTN:  Chief,  Llt1£0-0 
Vicksburg 

AHN:  Chief.  Engr  Div 
Louisville 


Little  Rock 

ATTN:  Chief,  Engr  Olv 
Fort  Worth 
ATTN:  Library 
ATTN;  SNFEO-0 
ATTN:  SWFED'F 
Galveston 

ATTN:  Chief,  SWGAS-L 
ATTN:  Chief,  SWGCO-C 
ATTN:  Chief,  SWGEO-OC 
Albuquerque 
ATTN:  Library 
ATTN:  Chief,  Engr  Div 
Los  Angeles 
ATTN:  Library 
ATTN:  Chief,  SPLEO-F 
San  Francisco 
ATTN:  Chief,  Engr  Olv 
Sacramento 

ATTN:  Chief.  SPKED-D 
ATTN:  Chief,  SPKCO-C 
Far  East 

ATTN:  Chief.  Engr  OW 
Japan 

ATTN:  Library 


NSC 


US  Army  Engineer  District 
Walla  Walla 
ATTN;  Library 

Chief.  Engr  Div 


ATTN; 

Alaska 

ATTN: 

ATTN: 


Library 

NPADE-R 


US  Army  Engineer  Division 
Europe 

ATTN:  Technical  Library 
New  fnqlaitd 
ATTN:  I n>rary 
ATIN:  t.ihoralory 

AMN;  Chirl.  NI<K:h 
North  Atlantic 
AITN:  library 

AITN;  Chief.  NADEN 
South  Atlantic 
ATTN:  Library 
ATTN:  Laboratory 
ATTN:  Chief.  SAOEN-TC 
Huntsville 
ATTN:  Library  (2) 

ATTN;  Chief,  HNDCO<CS 
ATTN:  Chief,  KNOEb-SR 
Lower  Mississippi 
ATTN:  Library 
ATTN:  Chief.  LMVEO-G 

Ohio  River 
ATTN:  Laboratory 
ATTN:  Chief,  Engr  Div 
ATTN:  Library 
North  Central 
ATTN:  Library 
Missouri  River 
ATTN:  Library  (2) 

ATTN:  Chief,  MRDEO-G 
ATTN:  Laboratory 


AHN:  Chief,  Engr  Div 

Southwestern 

Detroit 

ATTN:  Library 

ATTN:  Library 

ATTN;  Laboratory 

ATTN:  Chief,  NCEED-T  * 

ATTN:  Chief,  SW0E0-T6 

St.  Paul 

South  Pacific 

ATTN:  Chief.  ED-0 

ATTN:  Laboratory 

ATTN:  Chief,  EO-F 

Pacific  Ocean 

Chicago 

ATTN:  Chief,  Engr  Div 

ATTN:  Chief,  NCCCO-C 

ATTN:  FM&S  Branch 

ATTN:  Chief.  NCCED-F 

ATTN:  Chief.  PODEO-D 

Rock  Island 

North  Pacific 

ATTN:  Library 

ATTN:  Laboratory 

ATTN:  Chief,  Engr  Div 
ATTN:  Chief,  NCAED-F 

AHN:  Chief,  Enqr  Olv 

St.  Louis 

racilities  Engineer 

ATTN:  library 

FORSCOM 

ATTN:  Chief.  EO-D 

Ft  Devens.  MA  01433 

Kansas  City 

Ft  McPherson,  GA  30330 

ATTN:  Library  (2) 

Ft  Sam  Houston,  TX  7823 

ATTN:  Chief,  Engr  Olv 

Ft  Carson.  CO  60913 

Omaha 

Ft  Campbell,  KY  42223 

ATTN:  Chief,  Engr  Div 

Ft  Hood,  TX  76644 

New  Orleans 

Ft  Lewis,  WA  98433 

ATTN:  Library  (2) 

TRADOC 

AHN  Chief.  LMNED-DG 

Ft  01 X,  NJ  08640 

Ft  Monroe.  VA  236SI 
Ft  Lee,  VA  23801 
Ft  Gordon,  GA  30906 
Ft  McClellan,  AL  36201 
Ft  Knox,  KY  40121 
Ft  Benjamin  Harrison,  IN  46216 
Ft  Leonard  Wood,  MO  66473 
Ft  Sill,  OK  73503 
Ft  Bliss,  TX  79916 
HQ,  24th  Inf,  Ft  Stewart,  GA  31313 
HQ.  1st  Inf,  Ft  Riley,  KS  66442 
HQ,  6th  Inf,  Ft  Polk,  LA  7I4S9 
HQ,  7th  Inf,  Ft  Ord,  CA  93941 
West  Point,  NY  10996 
ATTN:  mCN-E 
H Banning,  GA  31906 
ATTN:  ATZB-FE-EP 
ATTN:  ATZB-FC-BG 
cacafl 

ATTN:  DFAE  (3) 

Ft  Leevffiworth,  KS  66027 

MC 

Ougwey.  UT  84022 
USACC 

Ft  Huechuca,  A2  86613 


Portland 

ATTN: 

library 

AF/PREEU 

ATTN; 

Chttf,  01-6 

Bellinq  AFB,  DC  20332 

ATTN: 

ChUf,  m-i 

ATTN: 

cm,f.  fn-2 

AF  Civil  Engr  Center/XRl 

Seattle 

Tyndall  AFB,  FI  32401 

ATTN: 

Chttf.  W>SCO 

ATTN: 

ChUf,  NKCM-fM 

Little  Nock  AFB 

ATTN: 

Chttf.  EN-OS-ST 

ATTN:  iU/OUtmr.  6fl1< 

Mvtl  FactmiM  Efiqr  Ccwiiid 
ATTN:  Codt  04 
Altuitdrlt.  VA  22332 

Port  Hutinw,  CA  93043 
ATTN:  Ubrtry  (Co4o  LOOA) 

ATTN:  Norrtll  Librtry 

Doftnse  Documnutlon  Cmur  (12) 

Uoshfnqton.  DC 

ATTN;  Bldg  RetHrch  Advisory  Boord 
ATTN:  Library  of  Coogross  (2) 

ATTN;  Fodcrtl  Aviation  AdNinIstratloo 
ATTN;  Dept  of  Transportation  Llbraiy 
ATTN;  Transportation  Ntsoarch  Board 

Endinacring  Soclitics  Library 
Nm  fork,  NT  10017 

IKAES  , 

Dipt  of  Hllltary  Eng 
Flaod  Irldgo  Soctlon 
ATTN;  CPT  Pbllllps 
Ft  Bcivolr.  VA  22060 

MVFAC 

M)  Englndorlng  and  Dtslgn 
Stnictiirat  Branch 
Altaandrla,  VA  22332 

Bnt  of  Civil  Englndorlng 
ATTN:  C.  A.  Comal  1 
Nasaachoaotta  Instltato  of 
Tachnelogy 
CaaOrldgo.  NA  02319 

Htmy  H.  Hrltd 
CdOsoUIng  Englnaars 
1)1  Sdoth  Naraaae 
$t  Laois.  NO  6310$ 

tmgary  Criffith 
816  Orahao  St 
Lynchburg,  VA  24S04 

Cato  Inttituta  of  Tochnology 
School  of  Englndorlng 
Oopt  of  Solid  Mchanlcs  and 
Structoml  and  NKhanIcal  Oosign 
ATTN:  Frod  NOsos 
Clovoland,  OH  44106 

Aaarican  tnstltuto  of  TIabor 
Canatroctlon 
ATTN:  T.  Irattoll 
Englauaod.  CO  80110 

Haahlnatoo  Mlvoralty 
Civil  iaglnoorlnt  BopartMot 
ATTN:  T.  V.  aalMbot 
St  Loola,  NO  63130 


